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[57] ABSTRACT 

The compositions (toners) are useful in electrostatic 
printing and xerography and are a mixture of base and 
modi?er particles with the base particles having a di 
electric constant K and the modi?er particles being of 
a normally solid, inert, non-hygroscopic, inorganic 
compound which compound has a dielectric constant 
K’ of at least 10 and sufficient to give a K’/K ratio of 
at least 2 and an electropositive metal containing moi 
ety chemically associated with an electronegative moi 
ety. The metal of the electropositive moiety has a 
work function of up to about 2.5 electron volts. The 
toner has a charge/mass ratio at least about 50 percent 
greater than that of the base particles in their unmodi 
?ed state. 

8 Claims, 4 Drawing Figures 
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TONERS AND PROCESS FOR PREPARING SAME 
This application is a continuation of US. Pat. appli 

cation Ser. No. 633,642, ?led Feb. 23, 1967, now aban 
doned, which is a continuation of US. Pat. applications 
Ser. No. 447,758 ?led Apr. 13, 1965 and Ser. No. 
447,759 ?led Apr. 13, 1965 both now abandoned. 
‘This invention relates to improved toners used in 

electrostatic printing. This invention relates to im 
' proved dry powders (toners) of the type which are used 
in forming images electrostatically, for example, by 
passing powder through the openings of a' mask or sten 
cil and transferring them across an air gap to a sub~ 
strate on which they define the desired image. US. Pat. 
No. 3,081,698 describes typical apparatus of this kind, 
and its disclosure‘ is ‘here incorporated by reference. 
For the sake of brevity, this type of printing will gener 
ally be called “spaced mask printing" hereinafter. The 
invention relates also to improved dry powders adapted 
for use in analogous apparatus and processes wherein 
image-forming powder derived from a preformed 
loose~powder image carried on one substrate is trans 
ferred electrostatically across an air gap to a different 
substrate. 
This invention also relates to a process for preparing 

said improved toners. 
This invention relates to improved xerographic ton‘ 

ers, wet or dry, used in xerography and related copying 
arts to “develop” latent or like electrostatic images 
and/or to provide visible images made by contact trans 
fer processes. ' 

It will be understood that xerographic (electro 
scopic) toners are currently used in the dry-copying art 
to develop (ite. render visible) latent electrostatic im 
ages formed in various ways on photoconductive sur 
faces. For this purpose the toners are very ?nely di 
vided (e.g. have particle sizes from a fraction of a mi 
cron to 30 or 40 microns). Where dry toners are em 
ployed, they are charged (usually triboelectrically) and 
are cascaded or otherwise brought into intimate 
contact‘with the substrate which carries a latent image. 
Any excess which does not adhere to the image (where 
this is desired) or to the area around the image (where 
this is desired) is recovered and used in developing a 
later latent image. Where “wet" toners are used, they 
are suspended and dispersed in a voltatile, non 
solvating liquid and in such dispersed form‘ are brought 
into contact with a substrate carrying a latent image. 
While the latent image which is to be so developed may 
be carried by a photoconductive substrate, it will be un 
derstood that-the dry or wet toners can also ‘be applied 
to other substrates, e.g. transfer sheets, plain‘ paper, 
etc., which are not photoconductive but have‘ had a la 
tent electrostatic image ‘transferred to them in various 
ways, e. g. as by contacting an image-bearing photocon 
ductive substrate with said transfer sheet, paper, etc. 
Such toners are usually dark and opaque, due to being 
compounded with ?nelyedivided solid colorant such as 
carbon black, or other dark pigments. However, by se 
lection of the solid colorants, or of dyes, if desired, the 
toners can exhibit any desired color. For some special 
purposes they can be water-white and transparent. 
After such toners whet-her modified in accordance 

with this invention or ‘unmodi?ed, have developed the 
desired electrostatic image on a desired substrate, or 
where they are transferred electrostatically across an 
air gap to a substrate, they are usually “fixed" (perma 
nently adhered) to the substrate. While ?xing can be 
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2 
accomplished in various ways as by spraying an adhe 
sive over the developed image, by spraying with a sol 
vent for the toner, or by covering the developed image 
and substrate with an adherent sheet of transparent ma 
terial (e.g. clear plastic) a more common way of ?xing 
the developed image is by using toners which are easily 
fusible (e.g. particles ‘of rosin, shellac, thermoplastic 
synthetic resins(s), etc.) and heating the substrate and 
the toner which it carries until the toner fuses and be 
comes bonded to the substrate. Where heat resistant 
substrates permit the use of higher temperatures, then 
the toners can be made up of particles of glasses which 
soften and become adherent between temperatures 
such as 600°F and 1,600°F or higher. 
For some purposes it is desirable to transfer toners in 

spaced mask printing and analogous situations so as to 
form a transitory (temporary) image on a desired sub 
strate. After said transitory image has served its tempo 
rary purpose, the powders de?ning said image are re 
moved in toto from said substrate. In such uses, there 
is no need to ?x the image to the substrate. Hence, in 
accordance with the invention, the improved powders 
need not be fusible; i.e. they need not be thermoplastic 
organic materials such as synthetic resins, hard waxes, 
hard gums, rosin, etc., and need not be heat-softenable 
glass or frit. This is pointed out in detail to emphasize 
the fact that the present invention can properly be ap 
plied to any normally-solid particulate base material 
which can be transferred electrostatically across an air 
gap. 
According to the invention, any organic and/or inor 

ganic material in particulate form and otherwise appro 
priate for use as a wet or dry toner, hereinafter called 
the “base powder," can be improved by modifying at 
least the surface of such powder with equally ?ne or 
?ner particles of inorganic material( s) characterized by 
containing at least one electropositive metal having a 
low work function (below about 2.5 electron volts) and 
a dielectric constant of 10 or more sufficient to give a 
ratio of at least 2 between the dielectric constant K’ of 
the modifying particles to the dielectric constant K of 
the base particles. 

In general, the preferred inorganic materials which 
exhibit the foregoing qualities are normally-solid metal 
salts which are non-hygroscopic and are inert chemi 
cally in respect to oxygen, water, the base material and 
the material constituting the substrate on which the im 
proved toners are deposited to form an image. How 
ever, materials which in strict chemical parlance are 
not salts ‘but which otherwise exhibit the foregoing re 
quirements can be used equally Welland are part of the 
present invention. That is, the invention contemplates 
the use, as modifying material, of any material having 
a dielectric constant of 10 or more and an electropos 
itive moiety containing at least one metal having a work 
function below about 2.5 electron volts. 
The'chemical and physical attributes of such modify 

ing powders will be explained in greater detail herebe 
low, but for the present purpose of presenting a gener 
alized view of the invention, it should be understood 
that the invention contemplates either ( l) a simple ad 
mixture of the base powder(s) and the modifying parti 
cles, wherein the latter are distributed over the surfaces 
of the base powders, or (2) composite mixtures of the 
base toner composition (e.g. in molten condition) with 
the modifying particles so accomplished as to secure a 
mixed two- or poly-phase mass which can later be re 
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duced to a powdery form and in such form (a) will have 
some modifying particles at or closely adjacent to the ' 
surface of the resulting powders and (b) have other 
modifying particles disposed interiorly in the resulting 
toner powders. 

In respect to the dielectric constant of the material(s) 
used as a base for our improved toner, it will be recog 
nized that the prior art has described a wide variety of 
materials as being suitable for use in making toner pow 
ders, most of the organic materials so described have 
relatively low dielectric constants (e.g. below about 
2.5.). Some of the glasses which have been described 
have higher dielectric constants. Any of such and other 
materials can be improved by practising the present in 
vention since in accordance with the invention we se 
lect the modifying material so that its dielectric con 
stant is at least 10 and at least double that of the base 
material(s). 

It will be understood that in so selecting a modifying 
material, the dielectric constant of the selected base 
material is considered to be the “effective" dielectric 
constant. For example, where a base powder or base 
material has been compounded with e.g. pigment(s) 
and/or dyes to impart desired color, and/or with other 
solid particulate materials, the dielectric constant of 
such a compounded base powder or base material is 
not to be confused with the dielectric constant of any 
particular material which is present therein. In other 
words, it is the effective dielectric constant of the mate 
rial as measured in gross. 
Accordingly, it is an object of the invention to pro 

vide improved toners modi?ed with particles (a) con 
taining one or more metals having a work function 
below about 2.5 electron volts and (b) having a dielec 
tric constant of 10 or more sufficient to give said ratio 
of dielectric constants of 2 or more. The modifying par 
ticles preferable are alkali metal-and/or alkaline earth 
metal salts of acids such as carbonic acid, sulfuric acid, 
titanic acid, silicic acid, zirconic acid, and others set 
forth hereinafter. 
The invention will be understood more fully from the 

following description and illustrative embodiments of 
the invention taken in conjunction with the attached 
drawings, in which: 
FIG. 1 is an isometric sectional view ofa greatly en 

larged particle of the invention having a resinous base 
and having ?ner particles of modi?er distributed at and 
on its surface; 
FIG. 2 is a similar isometric view of a particle of the 

invention having a base of resinous material and having 
modi?er particles within the resinous material as well 
as at and on the surface; 
FIG. 3 is a similar isometric view of a particle of the 

invention having a base of glass and having modi?er 
particles within the glass as well as at and on the sur 
face; and 
FIG. 4 is a schematic illustration of equipment used 

by us to measure the charge/mass ratio of toners in gen 
eral and of our improved toners in particular. 

It will be understood that electroscopic toners in the 
past have exhibited shortcomings in their ability ade 
quately to develop ?ne detail of images, due in part to 
what can be described as poor free-?owing characteris 
tics in the toner and in part to an unfavorable charge/ 
mass ratio of the toner. The toners of the present inven 
tion have been improved in both of these respects. In 
addition, the toners of the present invention exhibit 
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4 
other merits including superior performance because 
of their ability to respond to lower potentials and po 
tential gradients. All of the improved qualities of the 
subject toners result in improved visual quality in de 
veloped xerographic images. Moreover, the improved 
toners, when prepared from base toner compositions 
which are ?xed to an image substrate by fusion, retain 
their fusibility in substantially undiminished quality. 
Referring now to FIGS. 1-3 of the drawings, it will 

there be seen that typical powders particles which con 
stitute our improved toners are normally-solid base 
particles 1, 3 or 4 which have been composited with 
modifying particles 2, 2. In FIGS. 1 and 2, the base par 
ticles are shown to be composed of resinous material. 
In FIG. 3 the base particle is shown to be composed of 
glass. However, the identi?cation of the base particles 
as being resinous or glass should not be construed as 
limiting the invention, since any normally-solid organic 
and/or inorganic material in particulate form can be 
used as a base material. 

The Base Powder(s) or Composition(s) 

It should be understood that the invention is not lim 
ited to the use of any particular classes or kinds of base 
toners or compositions. Thus, the principles of the in 
vention can be applied to any of the thermoplastic res 
inous powders and compositions which have been de 
scribed in the prior art as being appropriate for devel 
oping xerographic and Iikeimages and which can then 
be ?xed by fusion, e.g. at temperatures up to about 
300°F. In this respect it should be noted that such pow 
ders and/or compositions can be permanently thermo 
plastic (repetitively fusible without deterioration) or 
they can be of such chemical nature that they pass 
through a thermoplastic stage before becoming 
theremoset. Moreover, the base powder or composi 
tion can consist solely of such thermoplastic resinous 
materials, or such materials can be or have been com 
pounded with ?nely-divided solids such as ?llers, pig 
ments, dyes, etc. whereby they can be or provide clear 
essentially colorless toners or toners which have any 
desired color and any desired degree of translucency 
up to and including opaqueness. Typical resinous mate 
rials are rosin, shellac, hard waxes, hard gums and syn 
thetic resins of diverse chemical natures. 

It should also be understood that the base powder(s) 
or composition(s) can be non-resinous, i.e. inorganic, 
while yet being fusible for ?xing, e.g. glass or glass-like 
inorganic compounds, solid solutions and/or reaction 
products fusible at e.g. about 600°F-l ,800°F or higher. 
These powders or compositions, like the thermoplastic 
resinous powders and compositions, can be essentially 
single-phase in physical appearance, or can be compos 
ites of two or more phases wherein ?nely-divided solids 
impart color, translucency, opaqueness, and/or (as will 
be apparent below) modi?cation of dielectric constant. 
For special purposes, toners which are essentially 

colorless and clear are sometimes used to provide a 
temporary or transitory development of an image. 
After the temporary image has served its purpose, the 
toner is removed in toto from its carrying substrate. For 
such purposes the toners need not be fusible nor other 
wise ?xable to the substrate. 
The present invention applies to all of the foregoing 

classi?cations of toners, and applies whether the toners 
are dry powders or are in the form of pastes or liquids, 
i.e. wet toners. 
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It will be understood that toners, as described above, 
are ?nely-divided so as to be able to differentiate 
boundaries between strongly-charged, weakly-charged 
and uncharged areas of an image-carrying substrate. 
Currently, the particle sizes vary widely between a frac 
tion of a micron and 30-40 microns or more, depend 
ing somewhat on convenience and somewhat on the de 
sired faithfulness of development. 
Where wet toners are sought, the dry toners can be 

dispersed in a wide variety of volatile, inert and usually 
non-solvating solvents (with respect to the toners), 
with or without dissolved and/or solvated adjuncts such 
as ?lm-formers, thixotropic agents, adhesives, etc. 

It willalso be understood that the described toners of 
the past (whether dry or wet) have usually been of such 

a a nature that the dielectric constant has been below 8 
m9, more usually below about 5 (eg 2-3). In this re 
spect, it should be noted that the dielectric constant of 
toners which are composites of two or more separate 
materials ‘is, for the purposes of the present invention, 
the “effective" dielectric constant of the composite, as 
measured in gross. That is, the dielectric constant of 
such a composite should not be confused with the di 
electric constant of a particular material contained in 
the composite. 

The Modifying Particles 

As pointed out above, the modifying particles must 
exhibit two signi?cant qualities, namely, low work 
function and a dielectric constant of 10 or more. 
As used herein, “work function” is the science 

recognized attribute associated with materials, and in 
the present invention it refers to the metal(s) contained 
in the electropositive moiety of a material being consid 
ered for use as a modifying material. Metals 'of Groups 
Ia and Ila, as identi?ed on pages 448 and 449 of the 
“Handbook of Chemistry and Physics,” 40th Edition, 
Published by Chemical Rubber Publishing Co., Cleve 
land, Ohio, Copyright 195 8, (i.e. Li, Na, K, Rb, Cs, Ca, 
Sr, Ba and Ra) are known to exhibit work functions 
below about 2.5 electron volts, as measured by the 
contact potential method (See “Advances in Catalysis" 
Vol. VII, Pgs. 3l3—315). These are the metals which 
must be present in the electropositive moiety of the 
modifying materials used in the practice of this inven 
tion. 

The electronegative moiety of the modifying materi 
als is typically but not restrictively a residue of one or 
more of certain inorganic acids., i.e., an-inorganic acid 
residue consisting of carbon and a chalcogen, of two 
different chalcogens, or of a chalcogen and a metal of 
the group consisting of silicon and the metals of Groups 
IV!) and Vb, as identi?ed on pages 448 and 459 of the 
“Handbook of Chemistry and Physics,” 40th Edition, 
Published by Chemical Rubber Publishing Co., Cleve 
land, Ohio, Copyright 1958, (titanium, zirconium, ce 
rium, hafnium, vanadium, columbium and tantalum). 
However, in addition to the foregoing attributes of 

the electropositive and electronegative moieties of the 
modifying material, the said salts must be further re 
stricted, for functional reasons, to salts which are non 
hygroscopic (i.e. unable to absorb or condense mois 
ture from the ambient atmosphere) and are chemically 
inert to oxygen, water, the base material and/or the ma 
terial of the substrate to which the improved toners of 
the invention are applied. Said salts must, of course, be 
normally solid, and preferably should be non-toxic. 
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6 
The following list illustrates (without limiting) the 

electronegative moieties contemplated for use with al 
kali metal-containing and/or alkaline earth metal 
containing electropositive moieties. The electropos 
itive and electronegative moieties need not be in stoi 
chiometric proportions. M is used to identify any one 
or more of the metals of Groups In and Ila of the Peri 
odic Table, without designation of its valency, and x 
and y represent small integers (e.g. l, 2, 3 etc.) or frac 
tions of such integers. 
Titanates MTiOa; MO,r . (i502), 
Zirconates MZrO3; MO,- . (2592),, 
Silicates MSiO3; MO, . (Si03)y ' 

Ceriates MCeO3; MO,r . (CeO2)y 
Thoriates MThO3; MO, . (ThOz)y 
Hafniates MHfO_3; MO; . (HfO2)y 
Vanadates MV2O6; MOI . (V2091, 
Columbates MCb2O6; MOE . (Cb2O5)y 
Tantalates MTa2O6; MOI . (T721205)y 
Carbonates ' MCOa 

Sulfates 'MSO4 

Selenates MSeO4 , 

Selenites MSeOs ' 
Tellurates , MTeO4 

Tellurites MTgOa 
Thiotitanates MTiS3; MSI . (Tiszhj 
Thiozirconates MZrS3; MSI . (ZrS2)y 

Such and other simila?éa‘ctioh‘prod?tsi?icompassed 
by the de?nitions set forth under the sub-heading “The 
Modifying Particles”, can also be “doped” with small 
mounts of different compounds known to modify their 
dielectric constants. See Ceramic Age, Dec. 195 1, Pgs. 
16-19, here incorporated by reference. 

Preparing The Improved Toners 
It will be understood that the improved toners are 

composites of the modifying material(s) and of the 
base material(s). For most purposes, the modifying 
material(s) are used in amounts below about 50 per 
cent by weight, based on the weight of the base mate 
rial(s). However, as will be pointed out below, the 
weight proportions used can be higher and usually are 
much lower since said proportions are much less signif 
icant as a parameter of the invention than is the distri 
bution of the modifying material in and/or on the fin 
ished composite toner particles. In other words, the im 
provement of base particles by the modifying mate 
rial(s) is best identi?ed in terms of the charge/mass 
ratio of the ?nished composite toner particles estab 
lished during the printing process. That is, the charge/ 
mass ratio of the base particles (free of modifying ma 
terial of the invention) can be measured electrically 
and then compared with the charge/mass ratio of modi 
fied (composite) toner particles using the same base 
material. In accordance with the present invention, the 
charge/mass ratio of the modi?ed toner particles 
should be at least 50 percent greater than that of the 
unmodi?ed base particles, and preferably should be at 
least double. Five-fold, ten-fold and higher improve 
ments in charge/mass ratio can readily be accom 
plished, and in numerous instances such improvements 
bear no direct linear relation to the weight proportions 
between modifying material(s) and base material(s). 
The foregoing disparity between charge/mass ratio 

and weight proportions will be better understood when 
it is realized that a surface effect appears to be involved 
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in the measured charge/mass ratio of the modi?ed par 
ticles since modifying particles at, on or near the sur 
face of the toner powders appear to be somewhat more 
effective than are modifying particles disposed interi 
orly in said toner powders. 
The modifying particles preferably have an average 

particle size below about I micron, and should prefera 
bly be ?ner than are the base toner powders (typically 
1-40 microns) particularly when the modi?ed (com 
posite) toner powders are prepared by simply mixing 
the two kinds of powder together. However, modifying 
particles and base toner powders of about equal sizes 
(eg about 1 micron) can also be so mixed, and the re 
sulting composites can exhibit at least a 50 percent in 
crease in charge/mass ratio when K’/K ratios of 2 or 
more are involved by the selected materials. 
When modi?ed fusible toner powders corresponding 

to the invention are prepared by 
a. melting a selected base material (which can be a 

single fusible-resin, a glass, a mixture of resins, and 
/or a like fusible mass which has previously been 
mixed with carbon black or other solid colorants or 
dyes). 

b. mixing the modifying particles into the molten 
mass, and 

c. comminuting the resulting composite mass by any 
desired method, with or without an intermediate 
solidifying step, then, of course, the modifying par 
ticles so added to the molten base material should 
preferably be no larger than the size of the modi 
?ed powders which are to be produced. Otherwise 
the process of production will entail an operation 
wherein the starting modifying material must be 
further reduced in size after it has been mixed with 
the base material. 

When modi?ed glass-base toners are to be prepared, 
a procedure such as set forth in the preceding para 

_ graph can be used. However, in some cases it is also 
possible to formulate a glass so that after it has been 
smelted and fritted, it will be a particulate form of a 
solid solution from which the desired modifying parti 
cles can be precipitated at or near the surface (and in 
teriorly if desired) by a suitable nucleation or equiva 
lent heat-treatment. That is, by the heat-treatment, the 
original single-phase particles are converted to a two 
phase or poly-phase state at least at or near the surface. 
Other methods which can be used to prepare modi 

?ed toners corresponding to the invention are: 
l. ?uo-solid type mixing of modifying particulate 

material(s) with selected base powder(s), 
2. condensing aerosol-type dispersions or vapors of 

the modifying material onto the surfaces of the selected 
base powder( s) while the latter are maintained in a tur 
bulent or agitated state, 

3. atomization of the molten base material or compo 
sition into a cloud of the modifying particles, where the 
atomized material solidi?es. 
Where the modifying particles and base powder are 

simply mixed together, any suitable equipment such as 
blade mixers, tumbling barrels, V-can mixers, etc. can 
be used. 
The effectiveness of the amount of modifying mate 

rial and/or of the method employed to prepare the 
modi?ed toners can best be determined by measuring ' 
the charge/mass ratio of said modi?ed powders. Flt]. 4 
illustrates, schematically, the equipment which we have 
used in making such measurements. Numeral l0 identi 
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8 
?es a laboratory-type electrostatic spaced-mask print 
ing unit (see US. Pat. No. 3,08l,698) consisting of a 
metallic base electrode 11, a removable parallel-faced 
insulating spacer 12 (Te?on or the like) and a remov 
able top electrode which is made up of a screen 13 
(typically 4 X 6 inches) mechanically and electrically 
secured to a heavy metal rim 14. The screen is prefera 
bly tightly-stretched in all directions while being se 
cured, as by soldering, to rim 14, and is a 200 mesh 
stainless steel screen. If desired, portions of the screen 
13 can be blocked out to de?ne a desired pattern of 
opening through which applied toner can pass when a 
test is being made. The whole assembly, 10 can be 
rested on any suitable working support which insulates 
electrode 11 from ground. 
Rim 14 of the top electrode is connected to one ter 

minal of any suitable high voltage supply which can be 
turned on and off conveniently. The other terminal of 
said supply is grounded. 
Base electrode 11 is connected to a terminal 15 of an 

electrometer 16 of conventional circuitry having a sin 
gle pole double throw switch 17 therein which in one 
position grounds terminal 15 and in the other position 
connects a resistor 18 between said terminal and 
ground. Exteriorly of such a conventional electrometer 
a capacitor 19 is connected between said terminal 15 
and ground. The other terminal 20 of the electrometer 
is connected to the input terminal 21 of a conventional 
oscilloscope 22. As will be understood, signal applied 
to terminal 21 provides two phased inputs A and B 
which when ampli?ed by the preampli?ers and applied 
as A minus B to a cathode ray tube 23 controls the ver 
tical motion of the electron beam of said cathode ray 
tube. 
Numeral 24 identi?es a typical trace appearing on 

the viewing screen of tube 23 when a test for mass/ 
charge ratio is being made. Such a trace can be photo 
graphed, if desired, to give a permanent record. 
The capacitor 19 is included in the circuitry to col 

lect a charge therein which is equal to the total amount 
of charge transported across the gap of the printing unit 
10 by toning powder when such power is wiped through 
the screen. Such wiping can be done with a velvet cov 
ered Te?on blade having a uniform load applied 
thereto during the wiping motion. Under the described 
conditions, the voltage developed across capacitor 19 
is proportional to the charge collected therein, and is 
conveniently displayed on the screen of the oscillo 
scope so that the electrical effects of the entire printing 
operation can be observed visually. Resistor l9 typi 
cally has a value of about l0l2 ohms. 
The actual sequence of steps involved in making a 

determination are: (1) a preweighed substrate, desir 
ably thin aluminum foil, 25, is placed on the bottom 
electrode 11 and held in place by spacer 12; then the 
screen electrode l3, 14 is positioned on the Te?on 
spacer (a preferred gap thickness is 0.090 inch) after 
which a small mound of toning powder 26 is placed on 
the screen 13. (2) high D.C. voltage is applied to the 
screen electrode 13, 13 (desirably —-3.5 Kv for 0.090 
inch spacing) with switch 17 in its grounding position, 
then switch 17 is changed to its other position and the 
resultant voltage level across the capacitor 19 is noted; 
(3) powder 26 is wiped uniformly across the screen 
using a single pass of the wiper blade; the new voltage 
level across the capacitor is noted; (4) the aluminum 
foil substrate upon which the powder has been depos 
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ited is then reweighed to obtain the mass of powder 
(M) transported across the gap. 
Since the voltage (V) developed across a capacitor 

19 is related to its charge Q by the relation, 

where C is a constant equal to the value of capaci 
tance of capacitor 19, 

the difference between original and ?nal voltage levels 
(AV of 24) need only be multiplied by C of the capaci 
tor, and divided by the mass of powder (M) transported 
in the test to obtain the charge to mass value (Q/M = 
C AV/M) which is characteristic of the powder for the 
measurement conditions prevailing. It is apparent that 
the higher the charge to mass ratio, the more effective 
is the powder for response to electrostatic ?elds and/or 
charges, i.e., electrostatic printing functions. 

It is obvious that in order to compare the relative per 
formance of electroscopic powders, whether modified 
or not, the previous steps need only be performed iden 
tically for each powder and the resulting Q/M values 
compared. For example, the following Q/M values have 
been obtained usingv this technique for a series of pow 
der formulations composed of a commercial electro 
scopic toner as base, modi?ed with various concentra 
tions of BaTiO; powder (I(’ of about 1,000; average 
particle size below about 1 micron) by simply mixing 
the two powders together in a mechanical mixer. The 
tests used a voltage of -3.5 Kv, a gap of 0.090 inch and 
a 200 mesh screen. 

Formulation Relative Q/M" 
A. Commercial toner alone" 1.0 
B. A+ 0.5% by wt. BaTjOa 6.6 
C. A + l.5% by wt. BaTlQs l4,7 
D. A + 5% by wt. liaIiQa 18.8 

*ratio of Q/M for BaTiOS-modi?ed toner _ 

Q/M for unmodi?ed commercial toner 
“ a copolymer of styreme, a vinylic ester and polyvinyl butyral mixed 
with about 2% of carbon black and dispersed in the particles. 

The following examples illustrate the principles of 
the invention and include the best modes presently 
known to use for practicing those principles in accor 
dance with the invention. 

EXAMPLE 1 

When tests paralleling those described just above are 
repeated by using other commercial clear, dyed, or pig 
mented fusible resinous toners of various sizes between‘ 
about 1 and 40 microns and of various K values up to 
about 2.7, similarly large increases in charge/mass ratio 
are secured by modifying the toners with 0.5-5 percent 
of said barium titanate, supra. 

EXAMPLE 2 

Polyethylene toners (Microthene), are modi?ed by 
mixing with said barium titanate of Example 1. 
One of the polyethylene toners has a density of 

0.915, a melt index of 22 and an average particle size 60 
below 20 microns. 
Another of said toners has a density of 0.924, a melt 

index of 5 and an average particle size below 30 mi 
crons. 
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A third of said toners is like the ?rst except it has 65 
been composited with about 2 percent carbon black to 
make it opaque and black. 

10 
When samples of each of the three toners are modi 

?ed with 0.2 percent, 0.8 percent and 1.5 percent of 
the barium titanate by simply mixing the powders to 
gether, at least a two-fold increase in charge/mass ratio 
is measured. 
When the modi?ed and unmodi?ed toners are used 

in preparing prints in xerographic or spaced-mask 
printing equipment, two bene?ts of the modi?cation 
are easily noted; namely, (1) the ?ow characteristic of 
the modi?ed powders are signi?cantly better than 
those of the unmodi?ed toners, and (2) the printed im 
ages prepared with the modi?ed powders are notice 
ably sharper in detail and cleaner (i.e freer of particles 
which have strayed from the true boundaries of the 
image or from the projected boundaries de?ned by the 
mask). 

In similar tests wherein the amount of barium titanate 
is raised progressively to about 10 percent by weight, 
based on the base toner powders, there is some pro 
gressive improvement in toning behavior with increas 
ing amounts of barium titanate, as qualitatively judged 
visually, but it appears that optimum improvement, 
costwise, accompanies the use of less than about 5 per 
cent (typically about 2 percent) of barium titanate. 

EXAMPLE 3 

When the tests of Example 1 are repeated except to 
use lithium columbate, potassium zirconate, barium 
sulfate, barium carbonate, barium zirconate, strontium 
titanate (BaQ,g5,_SrQ_05) . (TiO2,)1.4,, cobalt titanate, co 
balt zirconate or bismuth titanate in place of the bar 
ium titanate, the resulting visual images clearly show 
that the titanates having electropositive moieties of low 
work function (i.e. lithium, potassium, barium, cal 
cium, and strontium) give better prints than do the tita 
nates or zirconates having electropositive moieties con 
taining metals of high work function (i.e. bismuth and 
cobalt). 

EXAMPLE 4 
For test purposes, a commercial xerographic copying 

machine is run until its charge of toning powder is 
nearly exhausted. Said toning powder is carried in a 
closed chamber wherein a rotary brush and coarse 
resin particles are kept agitated, whereby a cloud of 
triboelectrically-charged toner is maintained adjacent 
a moving web carrying latent electrostatic images. 
When the chamber contains so little toner that images 
are being developed poorly, if at all, there is introduced 
some improved toner duplicating the fourth formula 
tion D above, (5% BaTiOg plus commercial toner). 
Shortly thereafter, a visual comparison of copies made 
before and after the introduction clearly showed that 
addition of the barium titanate to the toner improved 
the resolution of ?ne details in the copies. 

EXAMPLE 5 

A modi?ed glass~base toner is prepared from com 
mercial glass toner powder made of an 
aluminum/magnesium/calcium silicate having a density 
of 2.60 g/ml. and a dielectric constant of 2.6, by mixing 
said toner powder with 2 wt. % of the barium titanate 
of Example 1. Visual comparison of toned copies made 
with the unmodi?ed toner powder and with the modi 
?ed toner power indicated that the latter developed 
?ner detail in the latent test images and did so with less 
“stray“ of toner particles. 
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EXAMPLE 6 

Wet toners are prepared by mixing commercial poly 
ethylene toner powder with 2-5 wt. % of the barium ti 
tanate of Example 1 and then dry grinding the mixture 
to impact the barium titanate into the surface portions 
of the polyethylene particles. The resulting composite 
particles are then dispersed in hexane to form a disper 
sion containing about 10 wt. % of composite particles. 
The resulting dispersions are tested in a commercial re 
production machine wherein the web carrying latent 
electrostatic images is dipped below the surface of an 
agitated developing bath and then passes to a drying 
station where the hexane is evaporated. No attempt is 
made to recover the hexane, but this can be done if so 
desired. ‘ 

The tests show that the modi?ed toners give sharper 
and cleaner toned images than the comparable wet 
toner wherein the polyethylene particles are free of 
added barium titanate. ' 

In summary, it will be understood that the improved 
toners of the invention, whether prepared from base 
powders or base compositions which are organic in na 
ture of inorganic, and which are essentially clear and 
transparent at one extreme, or translucent or opaque 
and of any color at the other extreme can be improved 
with our modifying particles by simply mixing the base 
powders and modifying particles together, or by incor 
porating the modifying particles within the particles of 
base powder. While simple mixing gives modi?ed pow 
ders which appear to function as though the modifying 
particles are firmly adhered to the base particles, we 
want to make it clear that we do not presently under 
stand the precise nature of said apparent adherence. it 
may be that as long as the base powders and the modi 
fying particles are transferred electrostatically at equal 
rates across an air-gap, the over all effect is the same 
as if each modi?ed particle performed like an inte 
grated unit in said transfer. 
While we have expressed preferences through the 

foregoing description of the invention, it is helpful here 
to state our special preferences; namely, fusible poly 
ethylene powders (or similar thermoplastic polymers of 
lower ole?ns) as base powders, and calcium titanate, 
barium sulfate and/or barium carbonate as the modi 
?er(s). While barium titanate is an especially. good 
modi?er, it is potentially toxic and hence less desirable 
than calcium titanate. Costwise, both barium sulfate 
and barium carbonate offer an advantage over the tita 
nates. 

What is claimed is: 
1. An improved toner consisting essentially of, a mix 
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12 
ture of base particles and modi?er particles, said base 
particles having a dielectric constant K, said base parti 
cles being materials selected from the group consisting 
of rosin, shellac, hard waxes, hard gums and synthetic 
resins, and said modi?er particles being particles of at 
least one normally-solid, inert, non-hygroscopic, inor 
ganic compound having (A) a dielectric constant K’ of 
at least 10 and suf?cient to give a K’IK ratio of at least 
2, and (B) an electropositive metal-containing moiety 
chemically associated with an electronegative moiety, 
said modi?er particles being present in an amount 
below about 50 percent by weight based on the weight 
of base particles, said electropositive metal-containing 
moiety being selected from the group consisting of the 
metals of Group la and Group [1a of the Periodic Table, 
said electronegative moiety being selected from the 
group consisting of titanates, but excluding barium tita 
nate, zirconates, silicates, ceriates, thoriates, hafniates, 
vanadates, columbates, tantalates, carbonates, sulfates, 
sul?tes, selenates, selenites, tellurates, tellurites, thi 
otitanates and thiozirconates, the metal of said electro 
positive moiety having a work function of up to about 
2.5 electron volts, said improved toner having a char 
ge/mass ratio at least about 50 percent greater than 
that of said base particles in their unmodi?ed state, said 
base particles having a size of between 1 and 40 mi 
crons. 

2. An improved toner as claimed in claim 1, wherein 
said mixture comprises composite particles wherein the 
modifying particles are located substantially only on 
the surface or are located both on the surface and inte 
riorly of the composite particles. 

3. An improved toner as claimed in claim 1, wherein 
said mixture comprises base particles with modi?er 
particles essentially on the surface thereof. 

4. An improved toner as claimed in claim 1 wherein 
said mixed particles are disbursed in and carried by a 
liquid phase which is volatile and inert, and non 
solvating in respect to said mixed particles. 

5. An improved toner as claimed in claim 1, wherein 
said modi?er particles have an average particle size 
below about 1 micron and are ?ner than said base par 
ticles. 

6. An improved toner as claimed in claim 1, wherein 
said charge/mass ratio of the toner is at least double 
that of said unmodi?ed base particles. 

7. An improved toner as claimed in claim 6, wherein 
said base particles are fusible. 

8. An improved toner as claimed in claim 6, wherein 
said base particles are pigmented so as to be dark in 
color. 

* * * * * 
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